A Gram-staining-positive, motile, endospore-forming, rod-shaped bacterium, designated NS3012
The genus Virgibacillus (family Bacillaceae phylum Firmicutes) was first described by Heyndrickx et al. [1] . At the time of writing, the genus contains more than 29 species with validly publushed names; recently, Virgibacillus kapii [2] isolated from Thai shrimp paste and Virgibacillus oceani [3] isolated from ocean sediment were described. All species of the genus Virgibacillus are Gram-positive, motile, flagellated, rod-shaped and endospore-forming bacteria. The cellwall peptidoglycan contains meso-diaminopimelic acid as a diagnostic amino acid; the predominant quinone is menaquinone 7 (MK-7), and the predominant cellular fatty acids are anteiso-C 15 : 0 and anteiso-C 17 : 0 .
Jeotgal is a generic term given to a traditional Korean highsalt-fermented seafood. It has been used as an important additive for improving the taste of Korean cuisine and is served as a side dish for steamed rice. It is made by adding 20-30 % (w/w) salt to various types of seafood such as shrimp, oyster, shellfish, fish, fish eggs and fish intestines, and becomes palatable through subsequent preservation and fermentation.
In our previous study of the cultivable bacterial community in Myeolchi-jeotgal, one of the most commonly consumed types of jeotgal made with anchovy (Engraulis japonicus), a Gram-staining-positive, motile, rod shaped, ellipsoidal, endospore forming bacterium designated strain NS3012 T was isolated [4] . On the basis of 16S rRNA gene sequence analysis, strain NS3012
T was considered to be a Virgibacillus-like strain. Strain NS3012
T was subjected to polyphasic taxonomic investigation, and the results indicated that strain NS3012
T should be placed as a representative of a novel species in the genus Virgibacillus.
Strain NS3012
T was isolated on marine agar (MA; Difco) at 20 C after a 7-day incubation, and the isolate was routinely cultured on MA at 30 C and preserved as a suspension in marine broth (BD, Difco) with 20 % glycerol (w/v) at À70 C.
For the phylogenetic analysis of strain NS3012 T , genomic DNA was extracted using a commercial genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to the methods of Kim et al. [5] . The nearly complete sequence of the 16S rRNA gene (1416 bp) was compiled with SeqMan software (DNASTAR). The 16S rRNA gene sequences of the related taxa were obtained from GenBank and edited using the BioEdit program [6] . Multiple alignments were performed with the CLUSTAL X program [7] . The evolutionary distances were calculated using the Kimura two-parameter model [8] . Phylogenetic trees were reconstructed using the neighbourjoining [9] , maximum-parsimony [10] and maximum-likelihood methods in the MEGA program [11] with bootstrap values based on 1000 replications [12] . On the basis of 16S rRNA gene sequence similarity, the closest relatives were Virgibacillus halotolerans WS-4627T (98.1 %), Virgibacillus oceani MY11T (96.6 %), Virgibacillus byunsanensis ISL-24T (96.5 %) and Virgibacillus necropolis LMG 19488T (96.4 %). In the neighbour-joining phylogenetic tree ( Fig. 1 using the maximum-parsimony and maximum-likelihood algorithms (Fig. S1 , available in the online Supplementary Material). T were purchased from the German Collection of Microorganisms and Cell Cultures (DSMZ), the BCCM/LMG Bacteria Collection, the Korean Collection for Type Cultures (KCTC) and the Korean Agricultural Culture Collection (KACC). The type strains were grown under the same conditions as strain NS3012
T and used as reference strains for experiments.
The Gram reaction was performed as described by Doetsch [13] . The cell morphology and motility was examined by light microscopy (Olympus BX51) and by using a transmission electron microscope. For electron microscopy, cells were gently re-suspended in one drop of deionized H 2 O, and samples were placed on carbon-and formvar-coated nickel grids for 30 s. Grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry, and then viewed with a Carl Zeiss LEO912AB electron microscope at 100 kV under standard operating conditions (Fig. 2 ). Sporulation was induced in a modified Schaeffer's medium according to the method of Kempf et al. [14] , supplemented with 2 % (w/v) NaCl; spore morphology was determined after 1 week of incubation at 30 C. Bacteria were grown on MA at 30 C for 48 h, and H 2 S production was determined by methods described by Bruns et al. [15] . Catalase and oxidase tests were performed as outlined by Cappuccino and Sherman [16] . Hydrolysis of casein and Tween 80 was determined as described by Tindall et al. [17] . Anaerobic growth was examined in serum bottles with sodium thioglycolate (1 g l À1 ) added to tryptic soy broth (Difco), and the upper air layer was replaced with nitrogen. Growth on nutrient agar (NA; Difco), tryptic soy agar (TSA; Difco), R2A (Difco) and Luria-Bertani agar (LB; Difco) containing final 2 % (w/v) NaCl was also evaluated at 30 C.
Physiological characteristics were determined with API 20NE, API ID 32GN, API ZYM and API 50CHB galleries according to the instructions of the manufacturer (bio-M erieux). Growth at 4, 10, 20, 25, 28, 30, 37, 40, 42, 45 and 50 C and at pH 4.0-10.0 (at 1.0 pH unit intervals) was assessed on marine broth (MB; Difco) after a 2-day incubation at 30 C. The pH of the medium was adjusted using diluted NaOH and HCl. Salt tolerance in the presence of 0-10, 12, 15, 20, 25 and 30 % (w/v) NaCl was tested for 3 days at 30 C using NaCl-free marine broth as the basal medium prepared according to the Difco manual. Growth was observed at 10-40 C, 0-12 % NaCl and a pH ranging from 6 to 9, and weak growth occurred at 4 and 45 C. Optimum growth was observed at 28~30 C with pH 7. Strain NS3012 T tested positive for hydrolysis of casein and Tween 80 but gave a negative result for H 2 S production. Phenotypic and chemotaxonomic characteristics that differentiate strain NS3012
T from other species of the genus Virgibacillus are listed in Tables 1 and S1 .
Isoprenoid quinone was extracted with chloroform/methanol (2 : 1, v/v), purified by using a Sep-pak kit (Waters) and subsequently analysed by HPLC, as described by Collins and Jones [18] and Shin et al. [19] . In order to perform fatty acid methyl ester (FAME) analysis, cells were grown on MA for 48 h at 30 C, and then two loops of early stationary phase cells were collected and subjected to saponification, methylation and extraction using the methods of Kuykendall et al. [20] . The FAME mixtures were separated using the Sherlock Microbial Identification System (TSBA 6, Sherlock Version 6.0; MIDI), and then analysed by gas chromatography (Hewlett Packard 6890) and identified by the Microbial Identification software package [21] . Strain NS3012
T contained only MK-7 as the predominant menaquinone. The overall fatty acid composition of strain NS3012
T was very similar to those of other members of genus Virgibacillus, being dominated by large amounts of anteiso-branched fatty acids. The major components were anteiso-C 15 : 0 (79.5 %) and anteiso C 17 : 0 (13.4 %). Minor amounts of iso-C 15 : 0 (1.5 %), C 16 : 0 (1.2 %), C 14 : 0 (0.8 %) and iso-C 16 : 0 (1.0 %) were detected. The fatty acid composition of strain NS3012
T was similar to that of closely related species of the genus Virgibacillus, and the fatty acid content differences among type strains is shown in Table 2 .
The peptidoglycan was analysed as described by Schleifer and Kandler [22] using TLC on cellulose sheets instead of 1 μm paper chromatography. The total cellular polar lipids were extracted from strain NS3012
T and examined by a twodimensional TLC method [23] . The total lipids were revealed by staining with 5 % ethanolic molybdophosphoric acid, and the different spots were identified by using specific reagents. The results of TLC showed that strain NS3012 T contained major amounts of diphosphatidylglycerol, and moderate to minor amounts of phosphatidylglycerol, phosphatidylethanolamine, three unknown amino phospholipids and one unknown lipid were also detected (Fig. S2) . Strain NS3012
T showed mesodiaminopimelic as the diagnostic diamino acid of the cellwall peptidoglycan, which was in line with members of the genus Virgibacillus [1]. For the determination of the DNA G+C content, genomic DNA was extracted using a commercial genomic DNA extraction kit (Solgent) and was then enzymically degraded into nucleosides. The nucleosides were analysed using HPLC as described previously [24, 25] . The DNA G+C content of strain NS3012 T was 36.8 mol%. The relationship of DNA-DNA reassociation values between strain NS3012 T and the type strains V. halotolerans DSM 25060 T and V. oceani LMG 28105
T was examined using DNA-DNA hybridization. Genomic relatedness was determined by DNA-DNA hybridization experiments as described by Ezaki et al. [26] , using photobiotin-labelled DNA probes and 82 microdilution wells. Hybridization was performed in replicates for each sample, and the mean values are quoted as DNA-DNA relatedness. Strain NS3012
T showed relatively low DNA-DNA relatedness to V. halotolerans DSM 25060 T (41.5 %; reciprocal reaction, 38.2 %) and V. oceani LMG 28105 T (36.8 %; reciprocal reaction, 37.7 %).
The phenotypic and chemotaxonomic characteristics of strain NS3012 T showed typical feature of the genus Virgibacillus, with the presence of predominant respiratory quinone MK-7; meso-diaminopimelic acid as the diagnostic diamino acid of the cell-wall peptidoglycan; and major fatty acids such as anteiso-C 15 : 0 and anteiso-C 17 : 0 . Strain NS3012 T can be differentiated from other members of the genus by the fermentation of D-arabinose, erythritol and inositol and assimilation of 2-ketogluconate (a) and by differences in iso-C 14 : 0 and iso-C 16 : 0 fatty acid contents (Tables 1, S1 and 2). Based on the physiological and chemotaxonomical characteristics, it is evident that strain NS3012
T should be classified as the type strain of a novel species in the genus Virgibacillus, for which the name Virgibacillus jeotgali sp. nov. is proposed.
DESCRIPTION OF VIRGIBACILLUS JEOTGALI SP. NOV.
Virgibacillus jeotgali (je.ot¢ga.li. N.L. gen. n. jeotgali of jeotgal, a traditional Korean high-salt-fermented seafood).
Cells are Gram-staining-positive, aerobic, motile rods with 0.5-0.7 µm width and 2-2.5 µm length that produce ellipsoidal endospores located centrally or subterminally with slightly swollen sporangia. After 3 days of incubation at 30 C on MA, colonies are 0.5-1 mm in diameter, pale yellow, smooth, convex and circular with regular edges. It grows at temperatures between 10 and 40 C, and weak growth is observed at 4 and 45 C, but no growth is observed at 50
C. The optimum growth temperature is 28~30 C in marine broth. The pH range for growth is between pH 6.0 and 9.0, with an optimum of pH 7.0 in marine broth. Growth occurs in the presence of up to 12 % (w/v) NaCl with optimum growth at 2~3 % (w/v) NaCl. Weak growth occurs on TSA (with 2 % NaCl) but no growth is observed on R2A, NA or LB. Positive for oxidase, catalase and reduction of nitrate to nitrogen gas, but negative for production of indole. Positive for acid phosphatase, alkaline phosphatase, a-chymotrypsin, esterase (C4), esterase lipase MK-7. The major fatty acids are anteiso-C 15 : 0 and anteiso C 17 : 0 . The diagnostic diamino acid of the cell-wall peptidoglycan is meso-diaminopimelic acid. The polar lipid profile includes a major amount of diphosphatidylglycerol. Moderate to minor amounts of phosphatidylglycerol, phosphatidylethanolamine, three unknown amino phospholipid lipids and one unknown lipid are also present.
The type strain, NS3012 T (=KEMB 9001-125 T =JCM 16522 T ), was isolated from Myeolchi-jeotgal, a traditional Korean high-salt-fermented anchovy. The G+C content of the genomic DNA of the type strain is 36.8 mol%.
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